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INTRODUCTION
CrescentLakeNationalWildlifeRefuge(NWR)is locatedintheSandhillsofwestern
Nebraska,anareawhichcontainsthelargestremainingtractofmid-grassandtall-grassprairiein
NorthAmerica.Landusesurroundingtherefugeisdominatedbyrangelandandlanduse
practiceslikelyresultinminimalinputsofpointornon-pointsourcepollution.Industrial
developmenti theareaisminimalandtherefugecomplexisbelievedtobeinfairlypristine
condition.Theuseofpersistentorganochlorinep sticidesontherefugehasbeenlimited.The
objectivesofthisstudyweretodeterminebackgroundconcentrationsofmetalsinbioticand
abioticcomponentsoftherefugeanddocumenttheseresultstoutilizeasbaselineinformationfor
referenceandfuturecontaminantsinvestigations.
STUDY AREA
CrescentLakeNationalWildlifeRefuge
CrescentLakeNWR is locatedinGardenCounty,Nebraska,pproximatelyZ5miles
northofOshkosh,Nebraska(Fig.1).
Figure1.LocationofCrescentLakeNationalWildlifeRefuge,Nebraska
Therefugewasestablishedin 1930bythenewlyformedMigratoryBirdConservation
Commission,whichpurchased36,920acresforuseasarefugeandbreedingareaforwaterfowl
andothermigratorybirds.CrescentLakeNWR encompasses45,996acreswhichincludes
43,372acresofupland,1,912acresofopenwaterand712acresofmarsh. Theremaininglands
consistofmeadowsandgrassydunes.' -
Theprimaryobjectiveoftherefugeistoprovidenestingandhabitatformigratorybirds,
especiallyducks,geese,andshorebirds.Federallylistedthreatenedspeciesobservedonthe,
refugeincludethethreatenedpipingplover(Charadriusmelodus)(seenonlyonceormoresince
therefugewasestablished)andbaldeagle(Haliaeetusleucocephalus).Endangeredspecies
occurringontherefugeincludetheleastern(Sternantillarum)(seenonlyonceormoresince
therefugewasestablished),andblowoutpenstemon(Penstemonhaydenii).A totalof273bird
specieshavebeenobservedontherefugesince1936.Additionalwildlifeusingtherefuge
include16speciesofamphibians,16speciesofreptiles,and37speciesofmammals.
Somepesticideshavebeenusedontherefuge.ToxaphenewasappliedtoCrane,Island
andGimletLakesinthelate1950'sandearly1960'stocontrolcommoncarp(Cyrinus~).
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Roundup(glyphosate),Telar(chlorsulfuron),2,4-D,andBanvel(dicamba)havebeenusedby
refugepersonneltocontrolthistle.
Sandhillslakesgenerallyhavenosurfacewaterinletoroutlet(MeCarraher1977),are
generallywindmixed,anddonotthermallystratify(LaBaugh1986).Windmixingofthese
shallowsandhillslakesresultsinre-suspensionfthelakesedimentcausingsubstantialturbidity
in lakewater(LaBaugh1986).AlkalinityoflakesinGardenCountyrangefrom115to90,000
mg/LandrangeinpHfrom8to10(MeCarraher1977).Averagedepthofsandhillslakesis less
thanameter,andthedeepestlake,BlueLakehasamaximumdepthof4.2m(McCarraher1977).
Agriculturalpesticidesandfertilizersarenotknowntobeusedinthearea,andlanduse
adjacenttotherefugeisprimarilyrangelandusedforcattlegrazing.Contaminationfrom
adjacentlands,therefore,isunlikely.Further,thewatershedofmostof thelakesaresmall
becauseofthetopographyoftheregionsosurfacewaterinputsfromadjacentlandsisminimal.
MATERIALS ANDMETHODS
Samplescollected-forthisstudywerecollectedfromsixdifferentlakesontherefuge.Fivelakes
weresampledin 1993(Blue,Crane,Gimlet,IslandandSmithLakes)andfivelakesweresampled
in 1994(Crane,Gimlet,Hackberry,Island,andSmithLakes).Sedimentandaquaticplantswere
collectedfromeachaquaticsysteminJulyof1993,andAugustof1994(samplinglocationsare
denotedinFig2). Sedimentsampleswereobtainedusingastainlesssteelspoonandplacedin
chemicallycleanedglassjars. Plantswerecollectedascloseaspossibletothelocationof
sedimentsamples.Plantswereobtainedbyhandandtheentireplantwascollectedandplacedin
aplasticbag.Table1identifiesthegenusandlocationsofthecollections.
SamplesweresentoHazletonEnvironmentalServicesInc.andanalyzedfortracemetal
contentinsedimentandaquaticplants.Inorganicsweredeterminedbyinductivelycoupled
plasmatomicemissionspectrophotometer(ICP)scans.Arsenicandseleniumweredetermined
byatomicabsorptionspectrophotometry(AAS),andmercurylevelsweredeterminedbycold
vaporatomicabsorption.
Concentrationsarereportedin J.l.g/gorpartspermillion(ppm)dryweight,unlessnoted
otherwise(orif it referstoaconcentrationinwater).
RESULTS ANDDISCUSSION
Aluminum
Aluminumisabundantintheearth'scrustandproductionandconsumptionfthismetal
ishigh.Thelargestcontributorfanthropogenicaluminumtosurfacewatersi thedischargeof ,
alumsludgefrommunicipalwatertreatmentplants.Howev.er,theresultingincreaseof
aluminuminwaterfromtheseadditionsappearstobeminimal(Moore1991).Toxicityof
aluminumisdependentonpHandthehighpHfoundinmostsandhillslakesreducesthe
likelihoodaluminumtoxicity.ThepHdependenttoxicityofaluminuminplants,althoughwell
documented,remainsunclear.Onepossibletheoryisdifferentialspeciationofaluminumat
higherpHs(ParkeretaI.1989).AnothertheoryisthathigherpHmayreducetheplant's
sensitivitytoaluminum(Parkeretal.1989).Speciationofaluminuminaquaticenvironmentsis
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Figure2. CrescentLakeNationalWildlifeRefugesamplinglocations.
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furtherdictatedbytotalorganicarbonandotherlimnologicalparameters.Totalaluminum
concentrationsdetectedshouldbeusedwithcaution.
Aluminumisthethirdmostcommonmetalintheearthscrustaveraging72,000ppmin
theconterminousU.S.(ShackletteandBoemgen1984),andsedimentconcentrationsfromthe
refugelakesweremuchlowerrangingfrom596.08ppmto5,869.02ppm.
Aluminumdetectedin aquaticplantsvariedgreatly,andconcentrationsdetectedinfrom
sampledmacrophytesrangedfrom50.06to3,113.64ppm.Comparatively,concentrationsof
aluminuminaquaticmossescollectedinaWelshmetalminedrainagecontained54,000ppm
aluminum,andlesscontaminatedreachesconcentrationsdroppedto2,000-7,000ppm(Moore
1991).Levelsdetectedinrefugelakesaresimilartoandlowerthanthelesscontaminated
reachesoftheriver.Highconcentrationsofaluminuminplantscanresultindecreasedroot
growth,increasedmucilageproduction(Crowder1991),aswellasreductioni plantbiomass
(Parkeretal.1989).Aluminumconcentrationsdetectedinrefugecomponentssampledappearto
bebelowlevelsofconcern.
Arsenic
Themajoranthropogenicsourcesofarsenicincludeindustrialsmelters,coal-fIredpower
plants,andproductionanduseofarsenicalpesticides.Theseanthropogenicinputsare
signifIcantandexceedthenaturaladditions(i.e.,rockweathering)ofarsenicintheenvironment
byafactorofthree(Eisler1994).Arsenic ancausebronchitis,pneumonia,ndgangrene.It is
alsoamutagen,teratogen,aridcarcinogen(Eisler1988).
Sedimentarseniconcentrationsdetectedfromrefugelakesweremostlylowerthanthe
averageforU.S.soilsof5.2ppm(ShackletteandBoerngen1984),andrangedfrom0.89ppmto
9.36ppm.Comparatively,sedimentscollectedfromalakecontaminatedbysodiumarsenite
herbicide24yearsearlierstillcontainedfrom540-740ppmarsenic(TannerandClayton1990).
Backgroundlevelsofarsenicinterrestrialndfreshwaterfloraandfauna reusuallyless
than1ppmwetweight(w.w.)(Eisler1994).Dftheaquaticmacrophytessampled,only
arrowhead(Sagittariasp.)(fromHackberryLake)andpondweed(Potamogetonsp.)(fromIsland
Lake)exceededthiswithconcentrationsof 1.17ppmW.w.,and1.13ppmW.w.,respectively~
However,theNationalAcademyofSciences(1977)reportedlevelsinfreshwateraquaticplants
fromareasfreeofarsenictreatmentsthatrangedbetween1.4to 13.0ppm,incomparisonto0.89
to9.36ppmdetectedfromrefugeplants.Further,theseconcentrationshavenotbeen
documentedtocausedetrimentaleffectswheningestedbybirds(Eisler1994).Arsenic
concentrationsdetectedontherefugearebdowlevelsofconcern.
Barium
Bariumisarelativelyabundantelementfoundmostfrequentlyintheenvironmenti the
formofbarite(bariumsulfate)orwitherite(bariumcarbonate)(Moore1991).Bariumisusedas
adrillingfluidinoil andgaswellswhichaccountsfor 90%ofbariumusage(Moore1991).
Bariumisalsousedintheproductionofvariousbariumchemicals(Moore1991).
Anthropogenicinputsofbariumresultfrommining,refIning,andprocessingbariumore,aswell
astheburningoffossilfuels(InternationalProgrammeonChemicalSafety(IPCS)1990),and
drillingfluidspills(Moore1991).
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All sedimentsamplescollectedfromrefugelakeswerelowerthanthemeanbarium
concentrationf440ppminsoilsoftheconterminousU.S.(ShackletteandBoemgen1984),
withconcentrationsrangingfrom6.3to242.22ppm.Bariumconcentrationsi edimentare
usuallybelow100ppm,andhigherlevelsareusuallyassociatedwithgeologicdeposits(IPCS
1990).
Althoughbariumconcentrationsi macrophytescollectedfromrefugelakesrangedfrom
49.84to460.54ppm,it isnotknowntoaccumulateinplantsinsufficientquantitiestocause
toxicitytowildlife(IPCS 1990).Bariumconcentrationsdetectedinrefugecomponentssampled
appeartobebelowlevelsofconcern.
Beryllium
Themajoranthropogenicsourceofberylliumintheenvironmentis hecombustionof
fossilfuels,andentryintoaquaticenvironmentsoccursviaatmosphericdeposition,weathering
ofrocksandsoils,aswellasmunicipal/industrialpointsourceinputs(USEPA 1980).The
toxicityofberylliumincreasesinsoftwatersandthesolubilityofberylliumsaltschanges
dramaticallywithchangesinpH(Wilber1980).
ThemeanberylliumconcentrationinsoilsoftheconterminousU.S.is0.63ppm
(ShackletteandBoemgen1984),andsedimentsinIllinoisrangefrom1.4- 7.4ppm(IPCS1990).
Sedimentsamplescollectedfromthesixrefugelakesrangedinconcentrationsfrombelowthe
limitofdetection(0.06ppm)to0..24ppm.Berylliumconcentrationswerebelowthelimitof
detectioni allaquaticplantscollectedfromrefugelakes.
Boron
Boronisanessentialtraceelementforhigherplantsbutisnotrequiredbyfungior
animals(Eisler1990).Sourcesofboronadditionstotheenvironmenti cludelaundryproducts,
agriculturalchemicalsandfertilizers,coalcombustion,andminingandprocessing(Eisler1990).
TheaverageboronconcentrationinsoilsintheconterminousU.S.is26ppm(Shacklette
andBoemgen1984)andallsedimentsamplescollectedfromlakesontherefugewerelowerthan
thisaverage,rangingfrombelowthelimitofdetection(1ppm)to21.12ppm
Aquaticmacrophytestypicallycontainlessthan20ppmboronandrangefrom1.2to100
ppm(Eisler1990).Aquaticplantscollectedontherefugerangedfrom7.21to42.13ppm(1.37
to5.86ppmw.w.). Comparatively,thehighestboronconcentrationinfilamentousalgae
collectedforanirrigationdrainwaterstudyin Californiawas280ppm(Saikietal.1993),and
aquaticmacrophytessampledfromaboroncontaminatedwetlandcontainedupto142ppm
(Powelletal. 1997).Dietscontaining30ppmW.w.andgreaterofboronfedtoadultmallards
(Anasplatyrhynchos)causedelevatedembryomortality(SmithandAnders1989).Boroni~
believedtocomplexwithriboflavinandothercoenzymescriticalfornormalcellularespiration
resultinginembryomortalitywithoutcausingdeformities(SmithandAnders1989).It appears
thatboronlevelsdetectedontherefugearebelowlevelsofconcern.
Cadmium
Cadmiumis usedinelectroplatingorinalloysasprotectionagainstcorrosion,andisalso
usedinbatteries,ceramics,omebiocides(Moore1991),andthemanufacturingofplastic
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stabilizers(Bilser1985a).Anthropogenicsourcesofcadmiumincluderefiningandsmelting,
manufacturingprocesses,anddomesticwastewater(Moore1991).Cadmiumisnota
biologicallyessentialelementandistoxictoallformsof life;it isaknownteratogen,carcinogen,
andpossiblemutagen(Eisler1985a).Cadmiumwasbelowthelimitofdetectioni sedimentand
aquaticvegetationcollectedfromtherefuge.
Chromium
. Chromiumisanessentialtracelement(Moore1991)butelevatedquantitiescanbe
mutagenic,teratogenic,andcarcinogenic(Eisler1986).Elevatedlevelsofchromiumareoften
foundinsurfacewatersnearelectroplatingandmetalfinishingindustries(Eisler1986).Other
sourcesofchromiumincludechromiumalloyandmetalproducingindustries,coalcombustion,
municipalincinerators,cementproduction,andcoolingtowers(Eisler1986).Thetoxicityof
chromiuminaquaticenvironmentsisdependentonhardness,pH,andtemperature(Eisler1986).
Further,onlytwo.oxidationstatesofchromiumareknowntobetoxic(trivalentandhexavalent
oxidation)(Eisler1986),andhexavalentchromiumisthemoretoxicform(USEPA 1985a).
Concentrationsofchromiumfromthisinvestigationwereprovidedintotalchromiumonly.
Sedimentsamplescontainedchromiumconcentrationsthatrangedfrombelowdetection
(1ppm)to7.11ppm.TheaverageconcentrationfchromiuminsoilsoftheconterminousU.S.
is 37ppm(ShackletteandBoerngen1984).Backgroundconcentrationsofchromiumin
sedimentfromtheGreatLakesrangedfrom9-86ppm(Moore1991).Fromthisstudy,alllevels
detectedinsedimentwerewellbelowthesebackgroundconcentrations.
Concentrationsofchromiuminaquaticplantsrangedfrom0.5to3.34ppm,muchlower
thanconcentrationscausingareductioni plantbiomass.Chromiumcausedreductioni
biomassinCeratophyllumdemersumwhichaccumulated876ppmwhengrowninwater
containing2mg/Lofchromium(GargandChandra1990).Further,thehighestconcentration
detectedfromaquaticplantscollectedfromrefugelakeswasstillbelowtheconcentrations
causingdetrimentaleffectswheningestedbyblackducksCAnasrubripes)(Eisler1986).
Concentrationsof chromiuminsamplescollectedfromtherefugearebelowlevelsofconcern.
Copper
Copperisarequirednutrientforplantsandanimalsbutistoxicatlevelsonlyslightly
higherthanthoserequirednutritionally(USEPA 1985b).Anthropogenicinputsofcopper
includeindustrialeffluents(Le.,smelting,r~fining,andmetalplatingindustries)(USEPA
1985b),coppercontainingalgicides,paints,woodpreservatives,andmetalcorrosion(Novotny
andDIem1994).Annualglobalcoppereleasesapproach1.8millionmetrictonsprimarilydue
toanthropogenicreleases(Eisler1997).
Sedimentconcentrationsfromsampledlakeswerebelowthemeancopperconcentrations
inthesoilsoftheconterminousU.S.(37ppm)(ShackletteandBoerngen1984),andrangedfrom
0.47to5.11ppm.In theUnitedKingdom,sedimentsfromuncontaminatedestuariescontained
10ppmcopperinsediments,whilesedimentsfromcontaminatedstuariescontainedover2000
ppm(Eisler1997).
Inthisstudy,concentrationsofcopperinaquaticplantsrangedfrom1.87to94.14ppm,
andmostconcentrationswerebelow40ppm.Concentrationsofcopperinaquaticmacrophytes
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inhabitingcoppercontaminatedstreamsaremuchhigherthanthosedetectedinrefugeplants.
Plantsgrowingincontaminatedreachescontainedlevelsexceeding600ppm(Stokes1979).
Copperconcentrationsi refugesedimentsandbiotasampledappeartobebelowlevelsof
concern.
Iron
Ironisarequirednutrientfornearlyallorganisms(NationalResearchCouncil1979).It
is usedfortheproductionof steelandisthefourthmostabundantelementintheearth'scrust
(Moore1991).Naturalerosionisresponsibleforthemajorityof irondeliveredtotheaquatic
environment,althoughanthropogenica tivitiessuchasminingandmunicipaleffluentsalso
deliverirontoaquaticsystems(Moore1991).
All sedimentconcentrationswerebelowtheaverageof26,000ppmfortheconterminous
U.S.(ShackletteandBoerngen1984),andrangedfrom596to5,869ppm.Concentrationsi
aquaticmacrophytescollectedfromrefugelakesrangedfrom173to6,873ppm(21.2to708ppm
w.w.)andironconcentrationsareusuallyhighinaquaticplants(Moore1991).Documentation
ofthetoxiceffectsof ironinplantsarelacking(Moore1991).Ironconcentrationsdetectedin
refugesedimentsandbiotasampledappeartobebelowlevelsof concern.
Lead
Leadisthefifthmostutilizedmetalandisfoundinbatteries,older,andammunition,
andpreviouslyingasoline,paint,andpesticides(USEPA 1992).Leaddetectioni the
environmentisbecomingubiquitousaftercenturiesofanthropogenicinputsresultingfrom
miningandsmelting(pain'1996).Leadisnotanessentialnutrientandishighlytoxic(pain
1995).
Leadconcentrationsi sedimentscollectedfromlakesontherefugerangedfrombelow
thelimitofdetection(1.5ppb)to8.94ppm.Theseconcentrationsarelowerthantheaveragefor
theconterminousU.S.of 16ppm(ShackletteandBoerngen1984).
Leadaccumulationin aquaticplantsoccursviauptakefromcontaminatedsediment,and
toalesserdegreefromthewatercolumn(Demayoetal.1982).Concentrationsofleadinaquatic
macrophytesrangedfrombelowthelimitofdetectionto7.62ppm.Plantsinhabiting
uncontaminatedenvironmentsgenerallycontainlessthan1ppmW.w.(Pain1995).All W.w.
samplesofvegetationfellbelowthislevelexceptforonePolvgonumsamplefromIslandLake
containing2.21ppm.Dietaryleadconcen~ationscausingasignificantreductioni blood
enzymedelta-aminolevulinicaciddehydratase(ALAD)occurredinmallard rakeswhenlead
concentrationsreached25ppmW.w.(Finleyetal.1976).Thisismuchhigherthan
concentrationsdetectedinaquaticmacrophytescollectedfromrefugelakes.Leadconcentrations
detectedontherefugeappeartobebelowlevelsofconcern.
Magnesium
All chlorophyllousplantsrequiremagnesiumanditisgenerallynotalimitingfactorin
mostaquaticsystems(Wetzel1983).Magnesiumconcentrationsi edimentsampleswerewell
belowaverageconcentrationsforsoilsintheconterminousU.S.of9,000ppm(Shackletteand
Boerngen1984),andrangedfrom169to2,797ppm.Magnesiumconcentrationsi aquatic
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macrophytesrangedfrom763to7,352ppm.Studiesonmagnesiumarelacking,andatthistime,
concentrationsdetectedduringthisstudydonotappeartobeaconcern.
Manganese
Manganeseisdetectedwidelyinsurfacewaterandsediment,andconcentrationscanvary
widely(Stubblefieldeta1.1997).Manganeseisusedmainlyinmetalalloys(Moore1991),and
surfacewaterconcentrationsadjacenttominingandsmeltingoperationsareoftenelevatedasa
resultofpointandnonpointdischarges(Stubblefieldetal.1997).
Sedimentmanganeseconcentrationssampledfromthelakeswerebelowthe330ppm
averageforsoilsintheconterminousU.S.(ShackletteandBoerngen1984),andrangedfrom7.11
to135.56ppmofmanganese.No biologicaleffectsguidelineshavebeencreatedformanganese
in sediment.Concentrationsofmanganeseinaquaticvegetationrangedfrom85to502ppm.As
anessentialmicronutrienti plants,manganeseassistsinnitrateassimilationi photosynthesis
(Wetzel1983).Manganeset ndstosaturatemetalbindingsitesinaquaticplantsprotectingthe
plantsagainsttheeffectsofmoretoxicheavymetals(Moore1991).Manganeseisnormally
consideredtheleastoxicofthetraceelementsforpoultryandmammals(PaisandJones1997)
andtherefore,it is likelynotaconcerntorefugefishandwildlife.
Mercury
Mercuryhasnoknownbiologicalfunctionandhasthepotentialtobioconcentratend
biomagnify(Eisler1987).Althoughnaturalsources(e.g.,volcanicactivity)emitmercurytothe
environment(Thompson1996),anthropogenicsourcesdelivernearly9,000metrictonsof
mercuryperyeartofreshwatersystems(Moore1991).Themajoranthropogenicsourcesof
mercuryincludecoalburningpowerplantsandthemanufacturingof chemicalsandmetals
(Moore1991).Otheranthropogenica tivitiesresultinginmercuryadditionstotheenvironment
includebatteryandflorescentlightdisposal,aswellastheminingandprocessingofgold,lead,
andcopper(Eisler1987).
Mercurypoisoningmostoftenresultsfrommethylmercury(themoststableformand
. mostoxictowildlife)(Thompson1996).Symptomsofmercurypoisoningincludelossof
coordination,umbnessintheextremities,aswellashamperedawarenessandreducedmental
activity(Thompson1996).Methylmercuryisformedthroughmethylationofinorganicmercury
primarilyviamicrobialprocesses(WienerandSpry1996).Accumulationofmercuryinaquatic
organismsoccursviauptakefromsediments,water,andfood(Wrenetal.1995).
Sedimentsamplescollectedfromrefugelakescontainedmercurylevelsrangingfrom
belowthelimitofdetectionto0.137ppmandweremostlylowerincomparisontotheaverage
concentrationfmercuryinsoils(0.058ppm)oftheconterminousU.S.(Shackletteand
Boerngen1984).Truebackgroundconcentrationsofmercuryin sedimentlikelynolongerexist
unlessdeepundisturbedsedimentissampled.Longrangeatmospherictransportofmercuryhas
likelyaffectedsoilsandsedimentsworldwide(Wreneta1.1995).Thetwosamplescontaining
higherthanaverageconcentrationsofmercurywerecollectedfromGimletLakeandcontained
concentrationsof0.137and0.076ppm.Thehighestconcentrationis slightlybelowthe
biologicaleffectsrange-low(ER-L) of0.15ppmdescribedbyLongandMorgan(1990).The
ER-L wastheconcentrationwhereeffectsmaybeginorbepredictedamongsensitivespecies
8
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(LongandMorgan1990).
Concentrationsofmercuryinaquaticvegetationcollectedfromtherefugerangedfrom
belowthelimitofdetectionto0.128ppm.Concentrationsofmercuryinmacrophytesare
typicallynotdetectedatlevelsabove0.01ppm(Crowder1991).BothBlueLakeandCraneLake
containedconcentrationsofmercurythatexceededlevelsdescribedbyCrowder(1991).
Comparatively,concentrationsofmercuryinmacrophytesgrowingnearanindustrial
contaminantssourcecontainedupto1.6ppm(Crowder1991).Toxiceffectsofmercuryon
macrophytesincludesrootdeathanddiscolorationa dnecrosisoffloatingleaves(Crowder
1991).Theuptakeofmercurybyaquaticplantsisenhancedunderalkalineandoxidizing
conditionsandreducedassalinityincreased(Crowder1991).Althoughconcentrationsi aquatic
plantscollectedfromtherefugeappearslightlyelevated,theyaremuchlowerthanlevels
resultingin egglayingreductionsindietsofloonscontaining0.3to0.4ppmW.w.mercury(Barr
1986).Specifically,concentrationsofmercurydetectedinrefugeplantsdidnotexceed0.019
ppmw.w..
Molybdenum
Molybdenumismainlyusedintheproductionofsteelalloysaswellasintheproduction
ofpigments,parkplugs,x-raytubes,andcatalysts(Eisler1989).Anthropogenicsourcesof
molybdenumincludecoalcombustion,molybdenuminingandmilling,andoilrefining(Eisler
1989).Molybdenumisanessentialnutrientformostlifeformsalthoughit canbetoxic.
Toxicityofmolybdenumisdependentoncopperandinorganicsulfateintake(Eisler1989).
Concentrationsofmolybdenuminsedimentsampleswerebelowthelimitofdetection.
Molybdenuminvegetationsamplesfromthelakesrangedfrombelowthelimitofdetectionto
13.55ppm.Molybdenumisbiologicallymoreavailabletoplantsinalkalinesoils,andthehigh
alkalinityoftherefugelakesmayresultin increasedmolybdenumuptake(Eisler1989).It is
unlikelythattheconcentrationsdetectedinaquaticplantsaredetrimentalbasedondatacollected
onfreshwateralgaecontaining20,000ppmofmolybdenumwithoutapparentdetrimentaleffects
(Eisler1989).Further,concentrationsdetectedinplantscollectedfromrefugelakeswerealso
belowdietarylevelscausingdetrimentaleffectsinbirds(Eisler1989).
Nickel
Themajoranthropogenicsourcesofnickelintheenvironmentaregeneratedfromthe
combustionoffossilfuels,electroplating,andsmeltingindustries(USEPA 1986),aswellas
productionofalloys,batteries,andelectronics(BirgeandBlack1980).Thetoxicityofnickelin
aquaticsystemsi dependentonalkalinity,hardness,alinity,pH,andtemperature(USEPA
1986).
Nickelconcentrationsi edimentsamplesrangedfrom0.45to4.53ppm,lowerthanthe
13ppmaverageforsoilsoftheconterminousU.S.(ShackletteandBoerngen1984).
Comparatively,nickelconcentrationsdetectedinsedimentfromaconfmedisposalfacilityfor
dredgedmaterialcontainedlevelsrangingfrom12to150ppm(Beyeretal.1990).Basedonthe
previouscomparisons,itappearsnickelconcentrationscontainedinsedimentscollectedfrom
refugelakesarebelowlevelsofconcern.
Nickelconcentrationsi aquaticmacrophytesrangedfrombelowthelimitofdetectionto
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5.33ppm(belowthelimitofdetectionto0.07ppmw.w.).Aquaticmacrophytesinhabiting
uncontaminatedareastypicallycontain ickelconcentrationsle sthan6ppmW.w.(Jenkins
1980).ConcentrationsofnickelinmacrophytesfromCrescentLakeNWR werelowerthanthis
benchmark.Therefore,nickelevelsdetecteddonotappearproblematicforaquaticplantsfrom
thelakessampled.
Selenium
Whileseleniumisanessentialmicronutrient,levelsexceedingthecapacityofmetabolic
regulationleadstotoxicity.Twoanthropogenica tivitieswhicharemajorcontributorsto
elevatedlevelsof seleniumincludetheproductionanduseoffossilfuelsandirrigationof
seleniferoussoilsinsemiaridregionsofthecountry(Lemly1996).Highselenium
concentrations(exceeding100ppm)inthedietsofadultmallardsresultedinfatality,whilelower
levelsresultedinreducedhatchingsuccess(Eisler1985b).In fish,toxiclevelsofseleniumresult
in lossofequilibrium,lossofcoordination,liverdegeneration,a danincreaseinwhiteblood
cellcount(Eisler1985b).
Seleniumconcentrationsi edimentcollectedfromtherefugerangedfrombelowthe
limitofdetectionto0.65ppm.OnlyonesedimentsamplecollectedfromCraneLakecontained
seleniumabovethelimitofdetectionwhichwashigherthantheaverageconcentrationinsoils
(0.26ppm)fortheconterminousU.S.(ShackletteandBoerngen1984).Seleniumconcentrations
insedimentexceeding4ppmcouldbeapotentialconcernforfishandwaterfowl(Lemlyand
Smith1987).However,levelsofseleniuminsedimentcollectedfromCraneLakeweremuch
lowerthanthisthreshold.Trophictransferofseleniumthroughbenthicorganismsexposedto
seleniuminsedimentisbelievedtobethemajorouteofseleniumaccumulationi fish.
However,seleniumwasbelowthelimitofdetectioni mostofthesedimentsamplescollected
fromrefugelakes.VanDerveerandCanton(1997)proposedthathelevelofseleniumin
sedimentisrelatedtototalorganicarbonanddissolvedselenium.Consequently,thesand
substratefoundinmostsandhillslakesmaynotprovidebindingsitesforseleniumthanamore
organic-basedsubstratewould,yieldingseleniumlevelsbelowthelevelofdetection.
Aquaticvegetationcontainedseleniumconcentrationsrangingfrombelowthelimitof
detection(0.5ppm)to4.35ppm,revealinghigherthanbackgroundconcentrations.Selenium
concentrationsreportedforaquaticmacrophytescollectedfromcontrolareascontainedof0.1
ppmto0.4ppm(Eisler1985b).OnlyCraneLakecontainedmacrophyteswithdetectablel vels
of selenium,andplantswerecollectedfromthislakeinboth1993and1994.Thehighest
concentrationdetectedwas4.35ppminapondweedsample,andtheotherelevated
concentrationsweredetectedinarrowheadplantscontaining3.19and3.24ppmselenium.
Heinzetal.(1989)founddietaryconcentrationsof seleniumcausingreproductiveimpairmentin
mallardswerebetween4and8ppm.Further,Lemly(1993)recommendedconsideringfood
chainitemscontaining3ppmseleniumormorepotentiallyethaltofishandaquaticbirdswhen
usedasafoodsource.AquaticvegetationfromCraneLakemaybeapotentialcontaminant
sourcetowaterfowlusingthemacrophytesa afoodsource.
Strontium
Strontiumisanalkalinearthelementandlikecalcium,accumulatesinbonetissue(pais
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andJones1997).Concentrationsofstrontiuminsedimentrangedfrom2.21to72.35ppminthis
study. AverageconcentrationfstrontiuminsoilsfortheconterminousU.S.is 120ppm
(ShackletteandBoerngen1984).Aquaticmacrophytescollectedfromrefugelakescontained
strontiumrangingfrom16.11to426.53ppm.Muchoftheresearchavailableonstrontium
focusesontheradioactiveform(90Sr).Non-radioactivestrontiumisnotknowtobetoxic(pais
andJones1997).
Vanadium
Vanadiumisusedinmetallurgy,dyes,inks,andpaintsaswellasbeingusedasacatalyst
intheproductionofpolymericplastics(Moore1991).Themajoranthropogenicsourceof
vanadiumintheenvironmentresultsfromthecombustionofoilandcoal(Moore1991).
. Sedimentconcentrationsrangedfrom1.53to28.59ppm,lowerthantheaverage
concentrationforsoils(58ppm)oftheconterminousU.S.(ShackletteandBoerngen1984).
Further,concentrationsfoundinthisstudyfallwithintherangeofnormalsedimentvanadium
levelsof20to150ppm(Moore1991).
Concentrationsofvanadiumdetectedinaquaticmacrophytescollectedfromrefugelakes
rangedfrombelowthelimitofdetectionto16.16ppm.Vanadiumappearstoberelatively
nontoxictoplantsandconcentrationsi freshwaterplantsnormallyrangefrom0.10to5.7ppm
(Moore1991).Concentrationsdetectedinrefugesedimentsandbiotasampledappeartobe
belowlevelsofconcern.
Zinc
Zincisoneofthemostwidelyusedmetalsworldwideanditsprincipalusesinclude
galvanizingsteel,additiveforpaint,andaningredientinrubber(USEPA 1987).Themajor
anthropogenicsourcesoccurfromsmeltingoperations,combustionoffossilfuels,aswellas
fromcorrodedgalvanizedelectricaltransmissiontowers(Eisler1993).Oncezincentersthe
aquaticenvironmentit isusuallypartitionedintothesedimentswherereleaseisdependenton
highdissolvedoxygenandlowsalinityandpH(Eisler1993).Inwater,speciationisdependent
onoxygenlevels,pH;andsalinity.However,fishexposuretotoxiczincconcentrationscan
increaseinalkalinewatersbecausethechangeinpHaroundthegillduetothereleaseofCO2
maycausethereleaseoftoxicsolublezincfromthezincprecipitatespresentinsomealkaline
environments(Sorenson1991).Zincisarequirednutrientandisessentialfornormalgrowth,
reproduction,andtheabilitytoheal.However,zincisaprioritypollutantthatcanbeteratogenic,
mutagenic,andcarcinogenic(Eisler1993).'
Zincconcentr8;tionsin edimentsamplesrangedfrom1.52to18.58ppm,wellbelowthe.
averageconcentrationforsoils(180ppm)intheconterminousU.S.(ShackletteandBoemgen
1984).Further,thewaterchemistryofthelakesinthesandhillslikelyreducestheavailabilityof
zincinthesediment(i.e.,highpH,lowdissolvedoxygen,andhighsalinity)(McCarraher1977).
Levelsofzincdetectedinaquaticmacrophytesrangedfrom5.79to55.63ppm.Marginal
sublethaleffectsofdietaryzincconcentrationsforbirdsoccurstartingat178ppm(Eisler1993).
Thisismuchhigherthanconcentrationsdetectedinaquaticmacrophytesinthisstudy.Zinc
concentrationsdetectedinrefugesedimentsandbiotasampledappeartobebelowlevelsof
concern.
11
I "
d U- U_-
SUMMARY
Elevatedinorganicontaminantconcentrationsdetectedinalimitednumberofsediment
andmacrophytesamplescollectedfromthewaterbodiesofCrescentLakeNWR. Insediment,
onlymercurywasdetectedatconcentrationsslightlyabovebackgroundlevels.Thetoxicity
mercuryinsedimenttobiotahowevercouldbequestionable,sincepH,waterhardness,
temperature,andoxygenconcentrationaswellastheform(i.e.,inorganicmercuryvs.methyl
mercury)caninfluencebioavailability.Measurementsofwaterhardness,pH,Eh,andpercent
organicarboninthesedimentwouldprovideusefulinformationonthebioavailabilityof
sedimentassociatedmetals(McIntosh1991).
Aquaticplantscollectedaspartofthisstudydidshowelevatedconcentrationsforsome
traceelements.IslandLakecontainedvegetationwithslightlyelevatedlevelsof lead.Crane
LakeandBlueLakecontainedslightlyelevatedlevelsofmercury.Potentiallytoxic
concentrationsof seleniumweredetectedinthreeofthesevenplantsamplescollectedfrom
CraneLake.Concentrationsofsometraceelementsdetectedinthisstudywerenoteasyto
interpretbecauseofthepaucityofdataonconcentrationscausingdetrimentaleffectstotheplants
ortheirconsumers.Aquaticmacrophyteuptakeofmetals,whichinmanycasesarerequired
nutrientsormicronutrients,dependonseveralenvironmentalf ctorsuchaspHandEh. Further,
submergedaquaticvegetationaccumulatemetalsathigheratesthanemergentvegetation.This
canbecomeasignificantdifferenceasconcentrationsoftracemetalscanbe100,000times
greaterinaquaticvegetationthanin thewater(AlbersandCamardese1993).
Althoughelevatedlevelsoftraceelementsweredetectedinthisstudy,itdoesnotappear
thatthelevelsof inorganicsdetectedareaconcerninthisrefugexceptfortheseleniumlevels
detectedinmacrophytescollectedfromCraneLake.Additionalsamplingofseveraltrophic
levelsisrecommendedtodetermineif theselevatedlevelsofseleniumareimpactingotherbiota
usingCraneLake.Further,samplingthelakestreatedwithtoxapheneisalsorecommendedto
determineif itspersistenceandpotentialtobioaccumulate(Barron1995)arecausingany
detrimental.effectstobiota.
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Sample Location Common Name Genus Latitude Longitude Date
CLBP1 Blue Lake hardstembulrush Scirpus 41N39 102W30 07/20/1993
CLBP2 Blue Lake hardstembulrush Scirpus 41N40 102W31 07/20/1993
CLBS1 Blue Lake sediment 41N39 102W30 07120/1993
CLBS2 Blue Lake sediment 41N40 102W31 07120/1993
CLBS3 Blue Lake sediment 41N41 102W32 07120/1993
CLCP1 Crane Lake arrowhead Saglttaria 41N41 102W21 07120/1993
CLCP2 Crane Lake arrowhead Saglttaria 41N41 102W22 07/20/1993
CLCP294 Crane Lake smartweed POlygonum 41N41 102W22 08/17/1994
CLCP3 Crane Lake pondweed potamogeton 41N41 102W22 07/20/1993
CLCP394 Crane Lake arrowhead Saglttaria 41N41 102W23 08/17/1994
CLCP4 Crane Lake smartweed Polygonum 41N41 102W23 07120/1993
CLCP494 Crane Lake smartweed POlygonum 41N41 102W23 08/17/1994
CLCP94 Crane Lake arrowhead Sagittaria 41N41 102W21 08/17/1994
CLCS1 Crane Lake sediment 41N41 102VV21 07120/1993
CLCS2 Crane Lake sediment 41N41 102W22 07120/1993
CLCS294 Crane Lake sediment 41N41 102W21 08/17/1994
CLCS3 Crane Lake sediment 41N41 102VV23 07120/1993
CLCS394 Crane Lake sediment 41N41 102VV23 08/17/1994
CLCS494 Crane Lake sediment 41N41 102VV23 08/1711994
CLCS94 Crane Lake sediment 41N41 102VV21 08/17/1994
CLGLP1 GimletLake arrowhead Sagittaria 41N47 102W30 07/20/1993
CLGLP2 GimletLake burreed Sparganium 41N47 102W30 07/20/1993
CLGLP3 GimletLake arrowhead Saglttaria 41N46 102W29 07120/1993
CLGLP4 GimletLake arrowhead Saglttaria 41N46 102W29 07120/1993
CLGLS GimletLake sediment 41N47 102W30 07/20/1993
CLGLS2 GimletLake sediment 41N46 102W29 07/20/1993
CLGP294 GimletLake arrowhead Saglttaria 41N47 102W30 08/1711994
CLGP94 GimletLake smartweed POlygonum 41N47 102W30 08/17/1994
CLGS294 GimletLake sediment 41N46 102W29 08/17/1994
CLGS94 GimletLake
.
sediment 41N46 102W29 08/17/1994
CLHP294 HackberryLake arrowhead Saglttaria 41N45 102W30 08/1711994
CLHP394 HackberryLake arrowhead Sagittaria 41N45 102W30 08/17/1994
CLHP94 HackberryLake smartweed Polygonum 41N45 102W30 08/17/1994
CLHS294 HackberryLake sediment 41N45 102W30 08/17/1994
CLHS394 HackberryLake sediment 41N44 102W30 08/1711994
CLHS494 HackberryLake sediment 41N44 102W30 08/1711994
CLHS94 HackberryLake sediment 41N45 102W30 08/1711994
CLlP1 Island Lake hardstembulrush Scirpus 41N43 102VV27 07120/1993
CLlP2 IslandLake hardstembulrush Scirpus 41N42 102VV26 07/20/1993
CLIP294 IslandLake smartweed POlygonum 41N41 102W25 08/17/1994
CLlP3 Island Lake smartweed Polygonum 41N41 102W25 07120/1993
CLlP394 Island Lake smartweed Polygonum 41N41 102W25 08/1711994
CLIP94 Island Lake pondweed potamogeton 41N43 102W27 08117/1994
CLlS1 IslandLake sediment 41N43 102W27 07/20/1993
CLlS2 IslandLake sediment 41N42 102W26 07/20/1993
CLlS294 IslandLake sediment 41N42 102W26 08/1711994
CLIS3 Island Lake sediment 41N41 102W25 07120/1993
CLlS394 IslandLake sediment 41N41 102W25 08/17/1994
CLlS94 IslandLake sediment 41N43 102W27 08/1711994
CLSI94 SmithLake sediment 41N55 102W48 08/17/1994
CLSIS SmithLake sediment. 41N55 102W48 07120/1993
CLSL94 SmithLake sediment 41N54 102W47 08/17/1994
CLS094 SmithLake sediment 41N54 102W47 08/1711994
CLSOS SmithLake sediment 41N54 102W47 07120/1993
CLSS SmithLake sediment 41N54 102W47 07/20/1993
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location Sample AI As B Ba Be Cd Cr Cu Fe Hg Mg
Bluelake ClBS1 831.54 0.26 2.13 10.00 <.06 <.19 1.30 0.61 966.31 <.05 231.81
. Bluelake ClBS2 914.40 <.13 2.28 6.30 <.06 <.19 1.27 0.63 852.14 <.05 207.52
Bluelake ClBS3 596.08 <.13 <1.31 4.93 <.07 <.20 1.00 0.47 660.13 <.05 169.93
Cranelake ClCS1 1857.52 0.92 5.12 82.59 <.13 <.38 2.10 1.39 1928.76 <.10 823.22
Cranelake ClCS2 2076.75 0.65 4.33 50.56 <.11 <.33 2.53 1.25 1997.74 <.09 918.74
CraneLake ClCS294 1608.52 0.59 3.16 33.47 <.10 <.30 1.91 1.00 1507.10 <.08 375.25
Cranelake ClCS3 1956.52 0.63 3.46 40.04 <.09 <.26 2.12 1.16 1902.17 <.07 512.68
Cranelake ClCS394 2247.23 1.25 6.35 52.77 <.18 <.54 2.94 1.65 2380.07 <.14 682.66
Cranelake ClCS494 1689.32 0.75 2.84 50.73 <.12 <.36 2.27 1.50 2131.07 <.09 495.15
Cranelake ClCS94 2892.31 1.29 5.51 83.69' <.15 <.44 3.20 2.09 2861.54 <.12 750.77
Gimletlake ClGlS 7822.22 2.36 19.29 242.22 0.26 <.64 7.11 5.11 6888.89 <.17 1848.89
Gimletlake ClGlS2 2537.46 1.76 11.27 105.21 <.16 <.47 2.83 2.50 2771.99 0.14 765.47
GimletLake CLGS294 5869.02 1.44 13.63 136.02 0.24 <.36 5.52 4.46 4911.84 <.10 1576.83
Gimletlake ClGS94 2824.43 0.90 9.37 62.60 0.12 <.27 2.90 2.00 2557.25 0.08 772.90
Hackberrylake ClHS294 1287.32 0.79 2.83 23.80 <.07 <.20 1.48 0.72 1256.34 <.05 338.03
Hackberrylake ClHS394 2621.36 2.33 14.30 77.18 <.11 <.34 2.96 1.99 2548.54 <.09 1441.75
Hackberrylake ClHS494 1881.45 1.41 9.71 45.17 <.10 <.31 2.29 1.40 1842.44 <.08 913.87
Hackberrylake ClHS94 4047.06 3.59 21.12 171.18 <.29 <.88 5.01 4.69 3800.00 <.23 1947.06
Islandlake ClIS1 990.74 0.53 1.31 11.69 <.06 <.19 1.23 0.48 1104.50 <_05 240.74
Islandlake ClIS2 1330.07 0.34 3.13 14.83 <.07 <.20 1.69 0.66 1223.78 <.05 320.28
IslandLake CLlS294 1697.05 0.45 3.32 18.79 <.07 <.20 1.94 0.74 1458.63 <.05 387.10
Islandlake ClIS3 1607.81 0.63 4.91 21.56 <,09 <.26 2.01 1.03 1425.65 <.07 431.23
Islandlake ClIS394 1090.01 0.60 1.45 15.75 <.07 <.21 1.38 0.77 1202.53 0.06 319.27
Islandlake ClIS94 1042.74 0.46 1.91 14.39 <.07 <.21 1.35 0.64 928.77 <.05 269.23
Smithlake ClSI94 2022.16 0.48 6.77 47.37 <.07 <.21 2.22 1.19 1745.15 <.05 2105.26
Smithlake ClSIS 2369.15 0.47 3.40 60.47 0.08 <.2 2.48 0.98 1900.83 <.05 1180.44
Smithlake ClSl94 1167.32 0..17 1.85 12.62 <.06 <.19 1.69 0.69 1256.81 <.05 424.12
Smithlake ClS094 3071.30 0.59 6.76 104.94 0.12 <.26 2.69 1.32 2595.98 <.07 2797.08
Smithlake ClSOS 3045.33 0.30 3.64 40.79 0.12 <.21 2.69 1.27 2422.10 <.05 1728.05
SmithLake CLSS 1974.96 0.49 5.20 49.10 0.07 <.20 2.09 0.76 1557.72 <.05 2586.93
Table 2. Continued
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Location Sample Mn Mo Ni Pb Se Sr V Zn
Blue Lake CLBS1 11.85 < 1.30 0.67 <1.62 <.27 3.46 2.29 2.41
Blue Lake CLBS2 9.42 < 1.24 0.B4 <1.56 <.26 3.28 2.32 2.24
Blue Lake CLBS3 7.11 < 1.31 0.45 <1.63 <.26 2.21 1.53 1.52
Crane Lake CLCS1 105.28 <2.53 1.06 <3.17 <.53 50.66 4.41 5.88
Crane Lake CLCS2 67.04 <2.20 1.43 <2.75 <.45 29.57 4.88 5.15
Crane Lake CLCS294 33.67 < 1.97 1.54 <2.45 < .41 11.44 3.75 4.12
Crane Lake CLCS3 38.59 < 1.74 1.04 <2.17 <.36 14.64 4.64 4.57
Crane Lake CLCS394 53.14 <3.56 1.60 <4.46 <.74 20.59 6.90 6.35
Crane Lake CLCS494 71.12 <2.38 1.21 <2.99 <.49 17.79 4.85 5.24
Crane Lake CLCS94 86.15 <2.96 2.97 <3.69' 0.65 32.00 7.08 8.06
Gimlet Lake CLGLS 135.56 <4.23 4.53 8.18 < .89 85.33 20.13 18.58
Gimlet Lake CLGLS2 35.83 <3.10 3.12 <3.88 <.B5 33.88 12.35 11.89
Gimletlake ClGS294 73.55 <2.42 3.22 6.07 < .50 48.36 19.92 33.00
Gimlet Lake CLGS94 38.17 <1.82 1.56 2.40 <.38 23.28 10.B9 11.58
Hackberry Lake CLHS294 16.62 < 1.34 0.80 <1.68 <.28 8.56 3.73 2.83
HackberryLake CLHS394 47.09 <2.30 1.47 4.51 <.49 58.74 8.03 8.40
Hackberry Lake CLHS494 27.5? <2.05 0.99 2.77 <.42 31.72 5.69 5.63
Hackberry Lake CLHS94 95.88 <5.82 3.BB 8.94 <1.18 72.35 28.59 15.59
Island Lake CLlS1 7.82 < 1.28 0.79 < 1.60 <.26 4.11 2.13 2.05
Island Lake CLlS2 14.13 < 1.33 0.78 <1.66 <.28 7.43 3.12 2.60
Island Lake CLlS294 14.03 < 1.32 1.33 < 1.64 <.28 7.18 3.63 3.20
Island Lake CLlS3 21.93 < 1.75 0.92 <2.19 <.37 10.76 4.70 3.94
Island Lake CLlS394 13.97 < 1.41 0.71 1.87 < .28 5.72 2.21 3.32
Island Lake CLlS94 21.51 < 1.38 0.57 <1.72 <.28 6.32 2.46 2.62
Smith Lake CLSI94 56.37 < 1.39 1.01 <1.73 <.28 38.50 4.61 5.35
Smith Lake CLSIS 32.64 < 1.34 1.14 < 1.67 < .28 31.82 4.67 4.31
Smith Lake CLSL94 13.49 < 1.28 0.7B < 1.B1 <.26 8.73 2.89 2.53
Smith Lake CLS094 91.22 < 1.74 2.01 2.63 <.37 58.14 5.37 14.77
Smith Lake CLSOS 32.01 <1.41 1.77 2.00 <.28 27.48 5.35 20.40
Smith Lake CLSS 32.41 < 1.33 0.84 1.75 <.28 78.30 3.95 3.41
Table 3. Concentrationsof inorganicsdetectedinaquaticvegetationcollectedfromCrescentlake NWR inppm(l-Ig/g).
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Sample Sample AI
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As
I B I Ilocation. Number ppmOW. ppmW.W. ppmO.W. ppmW.W. ppmO.W. ppmW.W. ppmOW. ppmW.w. ppmO.W. ppmWW.
Bluelake CLBP1 63.04 9.33 1.08 0.16 9.86 1.46 70.27 10.40 <.14 <.02
Bluelake ClBP2 112.11 21.30 0.89 0.17 7.21 1.37 49.84 9.47 <.11 <.02
CraneLake' CLCP1 136.94 9.86 4,44 0.32 19.44 1.40 123.06 8.86 <.28 <.02
Cranelake ClCP2 222.22 16.00 1.25 0.09 19.03 1.37 116.25 8.37 <.28 <.02
Cranelake ClCP294 363.16 34.50 2.42 0.23 18.63 1.77 104.53 9.93 <.21 <.02
Cranelake ClCP3 68.03 4.83 4.37 0.31 24.79 1.76 380.28 27.00 <.28 <.02
Cranelake ClCP394 908.79 82.70 8.13 0.74 26.70 2.43 127.47 11.60 <.22 <.02
Cranelake ClCP4 89.83 21.20 1.36 0.32 24.83 5.86 138.14 32.60 <.08 <.02
Cranelake ClCP494 135.62 29.70 2.15 0.47 25.34 5.55 118.72 26.00 <.09 <.02
Cranelake ClCP94 825.40 104.00 1.59 0.20 13.33 1.68 83.33 10.50 <.16 <.02
Gimletlake ClGlP1 1160.65 70.80 2.79 0.17 42.13 2.57 175.41 10.70 <.33 <.02
Gimletlake ClGLP2 3113.64 411.00 1.97 0.26 21.44 2.83 176.52 23.30 <.15 <.02
Gimletlake ClGlP3 1815.53 187.00 5.73 0.59 41.55 4.28 283.50 29.20 <.19 <.02
Gimletlake CLGlP4 935.64 94.50 3.66 0.37 16.34 1.65 135.64 13.70 <.20 <.02
Gimletlake ClGP294 1526.79 171.00 7.23 0.81 24.29 2.72 117.86 13.20 <.18 <.02
Gimletlake ClGP94 .1201.03 233.00 1.80 0.35 11.44 2.22 103.09 20.00 <.10 <.02
Hackberrylake ClHP294 2504.00 313.00 9.36 1.17 19.68 2.46 146.40 18.30 <.16 <.02
Hackberrylake ClHP394 1865.08 235.00 6.03 0.76 26.83 3.38 125.40 15.80 <.16 <.02
HackberryLake CLHP94 321.94 63.10 2.60 0.51 23.88 4.68 172.45 33.80 <.10 <.02
IslandLake CLlP1 50.06 8.61 0.93 0.16 12.44 2.14 118.60 20.40 <.12 <.02
islandLake CUP2 726.98 45.80 5.08 0.32 25.87 1.63 91.59 5.77 <.32 <.02
Islandlake CUP294 193.09 41.90 1.98 0.43 21.71 4.71 158.99 34.50 <.09 <.02
Islandlake CUP3 104.19 22.40 2.23 0.48 23.21 4.99 87.91 18.90 <.09 <.02
Islandlake CUP394 315.52 91.50 2.38 0.69 20.00 5.80 115.86 33.60 <.07 <.02
Islandlake ClIP94 741.50 109.00 7.69 1.13 26.80 3.94 460.54 67.70 <.14 <.02
Table 3.Continued
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Sample Sample
Location Number
. Bluelake ClBP1
Bluelake ClBP2
CraneLake CLCP1
Cranelake ClCP2
Cranelake ClCP294
Cranelake ClCP3
Cranelake ClCP394
Cranelake ClCP4
Cranelake ClCP494
Cranelake ClCP94
Gimletlake ClGlP1
Gimletlake ClGlP2
Gimletlake ClGlP3
Gimletlake ClGlP4
Gimletlake ClGP294
Gimletlake ClGP94
Hackberrylake ClHP294
Hackberrylake ClHP394
HackberryLake CLHP94
Islandlake CLlP1
Islandlake CLlP2
Islandlake CLlP294
IslandLake CLlP3
Islandlake CLlP394
Islandlake CLlP94
I
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ppmD.W. ppmW.W. ppmD.W. ppmW.W. ppmD.W. ppmW.W. ppmD.W. ppmW.W. ppmD.W. ppmW.W.
<.41 <.06 0.84 0.12 7.30 1.08 180.41 26.70 0.13 0.02
<.31 <.06 0.69 0.13 8.79 1.67 222.63 42.30 <.05 <.01
<.83 <.06 1.49 0.11 12.13 0.87 294.44 21.20 <.13 <.01
<.82 <.06 1.69 0.12 12.08 0.87 850.00 61.20 <.13 <.01
<.63 <.06 1.38 0.13 18.74 1.78 1027.37 97.60 <.10 <.01
<.83 <.06 1.54 0.11 13.07 0.93 273.24 19.40 <.14 <.01
<.66 <.06 2.02 0.18 20.44 1.86 4307.69 392.00 <.11 <.01
<.25 <.06 0.50 0.12 4.190.99 618.64 146.00 0.05 0.01
<.27 <.06 0.64 0,14 1.87 0.41 598.17 131.00 <.04 <.01
<.48 <.06 1.59 0.20 20.32 2.56 2174.60. 274.00 <.07 <.01
<.98 <.06 2.41 0.15 5.23 0.32 4967.21 303.00 <.16 <.01
<.45< .06 3.34 0.44 35.53 4.69 4962.12 655.00 <.07 <.01
<.58 <.06 2.75 0.28 48.64 5.01 6873.78 708.00 <.09 <.01
<.58 <.06 1.78 0.18 47.43 4.79 3514.85 355.00 <.09 <.01
<.54 <.06 2.19 0.25 33.75 3.78 5473.22 613.00 <.08 <.01
<.31 . <.06 1.91 0.37 7.01 1.36 2484.54 482.00 <.05 <.01
<.48 <.06 3.21 0.40 16.00 2.00 4296.00 537.00 <.08 <.01
<.47 <.06 2.64 0.33 14.76 1.86 3412.70 430.00 <.07 <.01
<.31 <.06 0.78 0.15 10.41 2.04 714.29 140.00 <.05 <.01
<.35 <.06 0.72 0.12 13.49 2.32 173.26 29.80 <.05 <.01
<.95 <.06 2.27 0.14 30.48 1.92 1682.54 106.00 <.15 <.01
<.28 <.06 0.74 0.16 5.94 1.29 303.69 65.90 <.04 <.01
<.27 <.06 0.69 0.15 6.98 1.50 385.12 82.80 <.04 <.01
<.20 <.06 1.03 0.30 94.14" 27.30 1668.97 484.00 <.03 <.01
<.41 <.06 2.36 0.35 8.23 1.21 1489.80 219.00 <.06 <.01
Table3.Continued
I-'
00
Sample
location
Bluelake
Bluelake
CraneLake
Cranelake
CraneLake
CraneLake
Cranelake
Cranelake
Cranelake
CraneLake
GimletLake
Gimletlake
GimletLake
GimletLake
Gimletlake
GimletLake
HackberryLake
HackberryLake
HackberryLake
Islandlake
Islandlake
Islandlake
Islandlake
IslandLake
IslandLake
Sample
Number
CLBP1
ClBP2
CLCP1
CLCP2
ClCP294
CLCP3
ClCP394
CLCP4
ClCP494
CLCP94
CLGlP1
CLGLP2
ClGlP3
CLGLP4
CLGP294
CLGP94'
CLHP294
CLHP394
CLHP94
CUP1
CUP2
CUP294
CUP3
CUP394
CUP94
I
~ ~ ~ ~ ~
ppm O.W. ppmW.W, ppmO.W. ppmW.W. ppmO.W. ppmW.W. ppmOW. ppmWW. ppm D.W. ppmW.W.
891.89 132.00 162.84 24.10 3.77 0.56 2.01 0.30 <3.36 <.50
763.16 145.00 127,37 24.20 <2.08 <.40 1.13 0.21 <2.61 <.50
3083.33 222.00 134.31 9.67 <5.54 <.40 1.86 0.13 <6.93 <.50
3055.56 220.00 188.89 13.60 <5.5 <.40 1.72 0.12 <6.88 <.50
2168.42 206.00 233.68 22.20 <4.18 <.40 <1.25 <,12 <5.22 <.50
7352.11 522.00 156.34 11.10 13.55 0.96 <1.68 <.12 <6.97 <.50
2329.67 212.00 232.97 21.20 5.36 0.49 1.70 0.16 <5.45 < .50
1661.02 392.00 101.69 24.00 <1.67 <.39 <.50 <.12 <2.09 <.49
2296.80 503.00 276.26 60.50 2.39 0.52 <.55 <.12 <2.28 <.50
1833.33 231.00 223.02 28.10 <3.17 <.40 1.03 0.13 <3.96 <.50
2639.34 161.00 216.39 13.20 <6.54 <.40 4.21 0.26 <8.18 <.50
2310.61 305.00 190.15 25.10 <2.98 <.39 5.33 0.70 5.17 0.68
2368.93 244.00 228.16 23.50 <3.87 <.40 3.05 0.31 7.17 0.74
2000.00 202.00 434.65 43.90 <3.91 <.39 1.61 0.16 <4.89 <.49
2392,86 268.00 109.82 12.30 <3.55 <.40 1.97 0.22 <4.45 <.50
835.05 162.00 85.05 16.50 <2.05 <.40 1.36 0.26 <2.56 <.50
2384.00 298.00 213.60 26.70 <3.19 <.40 3.24 0.40 5.23 0.65
2595.24 327.00 114.29 14.40 <3.13 <.39 2.03 0.26 5.08 0.64
2698.98 5~9.00 284.69 55.80 2.17 0.43 <.61 <.12 <2.54 <.50
796.51 137.00 170.35 29.30 <2.29 <.39 <.70 <.12 <2.87 <.49
2761.90 174.00 292.06 18.40 <6.32 <.40 <1.89 <.12 <7.89 <.50
2617.51 568.00 502.30 109.00 < 1.83 <.40 <.55 <.12 <2.29 <.50
2079.07 447.00 256.28 55.10 <1.84 <.39 <.55 <.12 <2.30 <.49
1868.97 542.00 228.62 66.30 <1.36 <.39 1.20 0.35 7.62 2.21
.5129.25 754.00 361.22 53.10 <2.71 <.40 0.97 0.14 <3.05 <.45
Table 3. Continued
Sample Sample 5e Sr V Zn
Location Number ppmOW. ppmW.W. ppmO.W. ppmW.W. ppmO.W. ppmW.W. ppmO.W. ppmW.W.
Bluelake ClBP1 <1.34 <.20 16.96 2.51 <.34 <.05 6.37 0.94
Bluelake ClBP2 <1.04 <.20 16.11 3.06 0.34 0.06 5.79 1.10
Cranelake ClCP1 <2.78 <.20 74.58 5.37 <.69 <.05 12.43 0.89
Cranelake ClCP2 3.19 0.23 78.89 5.68 0.69 0.05 28.33 2.04
Cranelake ClCP294 <2.08 <.20 60;53 5.75 1.15 0.11 12.84 1.22
Cranelake ClCP3 4.35 0.31 215.49 15.30 0.89 0.06 20.70 1.47
Cranelake ClCP394 3.24 0.30 66.70 6.07 8.68 0.79 22.86 2.08
Cranelake ClCP4 <.83 <.20 77.54 18.30 2.33 0.55 27.46 6.48
Cranelake ClCP494 0.95 0.21 83.56 18.30 3.03 0.66 16.30 3.57
Cranelake ClCP94 <1.59 <.20 46.27 5.83 1.91 0.24 11.51 1.45
Gimletlake ClGlP1 <3.28 <.20 72.95 4.45 5.56 0.34 16.33 1.00
Gimletlake ClGlP2 <1.49 <.20 73.26 9.67 10.45 1.38 12.80 1.69
Gimletlake ClGlP3 <1.94 <.20 96.80 9.97 15.44 1.59 55.63 5.73
Gimletlake ClGlP4 <1.96 <.20 65.15 6.58 3.14 0.32 15.05 1.52
Gimletlake ClGP294 <1.78 <.20 70.18 7.86 8.62 0.97 30.71 3.44
Gimletlake ClGP94 . <1.03 <.20 30.62 5.94 7.47 1.45 9.18 1.78
Hackberrylake ClHP294 <1.60 <.20 66.88 8.36 16.16 2.02 18.24 2.28
\0 IHackberrylake ClHP394 <1.57 <.20 81.75 10.30 9.52 1.20 16.11 2.03
Hackberrylake ClHP94 <1.02 <.20 114.29 22.40 6.79 1.33 16.68 3.27
Islandlake CUP1 <1.16 <.20 26.74 4.60 <.29 <.05 10.00 1.72
Islandlake CUP2 <3.16 <.20 63.65 4.01 6.08 0.38 30.32 1.91
Islandlake CUP294 <.92 <.20 111.06 24.10 0.98 0.21 9.91 2.15
Islandlake CUP3 <.92 <.20 91.16 19.60 4.84 1.04 26.74 5.75
Islandlake CUP394 <.68 <.20 110.00 31.90 3.55 1.03 16.14 4.68
Islandlake CUP94 <1.36 <.20 426.53 62.70 1.82 0.27 10.20 1.50
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